ABSTRACT Background: Dairy foods are nutrient rich but also a source of saturated fat in the diets of children. Objective: We assessed effects on dietary intakes and health outcomes of changing dairy foods consumed by children from regularto reduced-fat varieties. Design: This study was a 24-wk cluster randomized controlled trial in 93 families with 4-13-y-olds who were randomly allocated to parental education regarding changing to reduced-fat dairy foods (n = 76 children) or reducing screen time (n = 69 children). Study outcomes, which were measured at weeks 0, 12 (end of the intervention), and 24, included saturated fat, energy, and nutrient intakes; pentadecanoic acid and blood lipid concentrations; body mass index z score; and waist circumference. Multilevel analyses were used with adjustment for child-and family-level covariates. Results: There were no group differences in overall dairy intakes (245 g dairy; 95% CI: 2141, 51 g dairy; P = 0.356). Saturated fat intakes were 3.3 percentage points lower (P , 0.0001) in the intervention group at week 24 than in the comparison group. Pentadecanoic acid concentrations were lower at week 12 (0.03%; P = 0.012) but not at week 24. LDL-cholesterol concentrations were not different at week 12, but LDL-cholesterol concentration was 0.15 mmol/L lower in the intervention group at week 24 than in the comparison group (P = 0.037). There were no significant group differences in total energy or adiposity measures. Regular-fat dairy foods decreased from 88% to 14% of dairy intake in the intervention group. Calcium, magnesium, and carbohydrate (percentage of energy) intakes were higher in the intervention group than in the comparison group; retinol intakes were lower in the intervention group than in the comparison group; and overall vitamin A intakes were similar between groups. Conclusion: Advice to parents to change to reduced-fat products was effective in reducing children's saturated fat intakes but did not alter energy intakes or measures of adiposity.
INTRODUCTION
Dairy foods are a rich source of readily absorbable calcium, which is essential for children's bone development. Dairy foods are also a significant source of saturated fat in children's diets [eg, 30-49% of Australian children's total saturated fat intake (1)]. Dietary guidelines (2, 3) recommend reduced-or low-fat varieties of dairy foods for children. Despite these recommendations, 60%
of Australian children (aged 4-13 y) usually consume regular-fat milk, and only 19% of children meet the recommended saturated fat intake (1) . A change from regular-fat to reduced-or low-fat dairy foods is likely to have a meaningful effect on children's total and saturated fat intakes. However, this change should be evaluated within the context of the overall diet because changing one aspect of diet rarely occurs in isolation and may have neutral, positive, or negative effects on energy or broader nutrient intakes. Therefore, an evaluation of the message to choose reduced or low-fat dairy foods needs to be undertaken.
Few studies have evaluated the effect of changes in type of dairy foods consumed with respect to the fat content. Studies have aimed to increase overall dairy foods or focused on calcium intakes (4) (5) (6) . Previous interventions that encouraged children to change to reduced-fat dairy products have been effective (7) (8) (9) ; however, these changes have occurred in parallel to other dietary manipulations. To our knowledge, the effect of a change from regular-fat to reduced-or low-fat dairy products alone has not been evaluated. It is also commonly assumed that the consumption of reduced-fat dairy foods will result in a reduction in energy intake. Whether compensation occurs when lower energydense dairy foods are introduced is currently unclear (10) .
Australian children consume .80% of their dairy food intakes within the home [Commonwealth Scientific Industrial Research Organisation (CSIRO), unpublished data, 2009] and therefore a focus on food availability in the home as a means to change dairy food choices seems appropriate. Parents are the gatekeepers of the family home; parents serve as role models, are responsible for food purchasing and preparation, set rules, and create family norms that shape children's habits (11) . Therefore, the inclusion of parents in interventions that aim to change children's dietary intakes is important. Our intention was to evaluate the effect of changing the fat content of children's dairy food choices, using a family approach to behavior change, by providing nutrition advice to parents.
The purpose of this study was to change children's dairy food choices only. The aims of the study were to assess the effect of changing children's dairy food choices and to evaluate the effects on children's total and saturated fat intakes and energy and broader nutrient intakes as well as metabolic and anthropometric outcomes.
SUBJECTS AND METHODS

Study design
The study was a 24-wk cluster, randomized controlled trial that involved parents and their children who were randomly allocated to one of 2 study groups. The intervention group was provided advice about the importance of dairy foods for children and to change from regular-fat to reduced-or low-fat dairy foods. The comparison group was provided advice that targeted the nondietary behavior of reducing children's screen time. The study comprised a 12-wk intervention period to evaluate acute effects, which was followed by a 12-wk follow-up period to determine the longer-term effect without further intervention. Study outcomes were children's total and saturated fat intakes (primary outcomes), energy and nutrient intakes, biomarkers of dairy intake (blood lipids and pentadecanoic acid concentrations), and health outcomes [blood lipids, body mass index (BMI) z score, and waist circumference]. The study was approved by the CSIRO Food and Nutritional Sciences Human Research Ethics Committee (no. 09/20), and registered in the Australia New Zealand Clinical Trials Registry (ACTRN12609000453280).
Participants
Families were recruited via media publicity (newspaper stories and paid advertisements) and an established volunteer database of families between June 2009 and January 2010. Eligible families comprised at least one willing parent and child and met the following criteria: healthy children (4-13 y of age) who were regular-fat dairy consumers (defined as consuming 2 servings of milk, cheese, yoghurt, ice cream, custard, or dairy desserts/d, the majority of which were regular fat), living in the Adelaide Metropolitan area, and able to complete the study protocol. Children with a dairy allergy or intolerance or with a preexisting medical condition that affected dietary intakes were excluded from the study. Parent informed, written consent (for themselves and a proxy for children), and child assent were obtained.
Study participation
Families attended the CSIRO Food and Nutritional Sciences Clinic for assessment at baseline, the end of the intervention, and follow-up (weeks 0, 12, and 24, respectively). Anthropometric measures (parent and child), blood-sample collection, and dietary recall (child diet only) were conducted. In addition, parents were required to attend three 30-min intervention appointments, '1 mo apart (ie, weeks 1, 5, and 9), during which the intervention was delivered. Children's attendance at these sessions was allowed but not required.
Study measures and outcomes
Dietary intake
Children's usual dietary intakes were assessed at baseline and weeks 12 and 24 via 3 · 24-h diet recalls from which energy and nutrient intakes and dairy food choices were estimated. The 3-pass, 24-h recall protocol was adapted from the 2007 Australian National Children's Nutrition and Physical Activity Survey (1) and is a well-established dietary recall methodology (12, 13) . Across the age range 4-13 y, multiple-pass, 24-h diet recalls (which cover 3 d including weekdays and weekends) are an accurate method to estimate the total energy intake compared with the total energy expenditure measured by doubly labeled water (14) and the total fat intake compared with a direct observation (15) . Briefly, the first pass generated a quick list as children or their caregiver recalled the meals, foods, and beverages consumed throughout the day. The second pass collected detailed information about the food consumed, quantity, brand names, preparation methods, and the location of consumption. The third pass allowed for additional information to be recalled and provided the opportunity to identify meals as breakfast, lunch, dinner, or snack. Families were provided with a food model booklet, which was adapted from the US Department of Agriculture's Food Model Booklet (16) and used in the Australian national survey (1) , to use during all 3 interviews that contained life-size pictures of common household measures, such as plates and bowls, to assist in the estimation of portion sizes. The booklet also contained images of various cuts of meat, some processed food, and drink packages but did not contain sample portions of meals with the exception of images of hot potato fries and amorphous objects to estimate foods such as a mashed potato. During the second pass of the recall, information was entered by a research dietitian into Foodworks Professional (Xyris Software Pty Ltd, Queensland, Australia) (17) . Information about family recipes was collected and entered into the Foodworks Professional software after the interview. Interviews took '20 min/child and were conducted with the assistance of one parent. Nutrient and energy intakes were estimated by using Australian food-composition data (18) . Nutrient data were extracted from the Foodworks Professional software into the Statistical Package for the Social Sciences program (18.0; SPSS, Chicago, IL) with Microsoft Access and Excel 2003 programs (Microsoft, Redmond, WA).
Parents and caregivers were the primary sources of recall for children ,10 y, with clarification sought from the child when appropriate. Children aged 11-13 were the primary source of their own recalls, with assistance from the parent or caregiver. At each study assessment, the 3 recalls were conducted by a research dietitian who was blinded to the study-group allocation. The first recall was conducted face to face in the clinic and followed by 2 recalls performed over the telephone. The 3 recalls were scheduled in 7 d and included one weekend day.
Biomarkers and blood lipids
The collection of an accurate dietary intake is difficult, and for many reasons more difficult in children (19) . Biomarkers, which reflect the actual rather than reported dietary intake, provide an objective assessment of an intervention effect that is free of the measurement bias associated with the under-or overreporting of food consumption and the limitations of food-composition databases (20, 21) . Pentadecanoic acid (15:0), which is a saturated fatty acid present in ruminant fat, has been shown to be a specific biomarker of dairy-fat intake (22) . Pentadecanoic acid, which was presented as the percentage of total fatty acids, was used as a marker of dairy fat and intervention compliance. Blood lipids are also a biomarker of a dietary fat profile (23) and provided additional information because they were predictive of cardiovascular outcomes.
Children provided a fasting blood sample (ie, with nothing to eat or drink other than water from midnight) at baseline and weeks 12 and 24 with concentrations of cholesterol (HDL, LDL, and triglycerides) and fatty acids measured. Six-to 12-mL blood samples were collected via venipuncture by using standard procedures by a pediatric phlebotomist. Samples were collected into evacuated tubes with a gel separator and allowed to clot at room temperature for 30 min. Serum was separated by centrifugation at 4°C, and aliquots were stored at 280°C for lipid and fatty acid analyses.
Triglycerides, cholesterol, and HDL concentrations were measured on a Hitachi 902 clinical analyzer (Hitachi, Adelaide, Australia) with appropriate diagnostic kits from Roche Diagnostics (Adelaide, Australia). LDL was calculated by using the Friedewald equation (24) . Serum lipids were extracted by using a 2:1 ratio of chloroform and methanol (24) . The fatty acid composition was determined in the lipid extracts after methylation with 1% sulfuric acid in dry methanol at 50°C for 18 h. Fatty acid methyl esters were extracted with petroleum ether (boiling point 40-60°C), and contaminants were removed by solid-phase extraction on magnesia (Florisil; Sigma-Aldrich, Sydney, Australia), eluted with 10% ether in hexane, dried under nitrogen, and redissolved in isooctane. A 0.2-ll aliquot was injected onto a gas chromatographic column of vitreous silica (BPX-70, 30 m · 0.53 mm; Scientific Glass Engineering, Melbourne, Australia) with a Agilent 6890 (Agilent Technologies, Melbourne, Australia) gas chromatograph equipped with cool on-column injection. Fatty acids were identified by comparison with authentic Supelco 37 component fatty acid methyl esters mix (Sigma-Aldrich).
Anthropometric measures
Anthropometric measures of parents and children were taken at baseline and repeated for children at weeks 12 and 24. Participants were weighed (model AMZ14; Mercury Digital Scales, Tokyo, Japan) and measured with a stadiometer (Seca, Hamburg, Germany) while lightly clothed and without shoes by using protocol and consistent with international standards (25) . BMI was calculated as weight in kilograms divided by height in square meters. Parent and caregiver weight status was classified by using the World Health Organization definition (overweight: BMI 25; obese: BMI 30) (26). For children, BMI was converted to a z score and adjusted for age and sex by using the least mean squares method (27) . Because of the lack of Australian data, calculations were based on British reference data provided as a computer program (28). Children's BMI z score was classified by using the International Obesity Task Force definition (27) . Waist circumferences were measured to the nearest millimeter with a nonelastic flexible tape midway between the 10th rib and iliac crest with subjects in a standing position.
Demographic information
Demographic information of families was collected at baseline. Parents were asked questions about their age, marital status, highest level of education, employment status, estimated household income, and family structure to define sample characteristics. Child sex and date of birth were also reported.
Intervention description
Social learning theory suggests that people learn behaviors from those around them through observation and modeling (29) . For children, parents can be the decision makers of when, what, and how children eat and are the primary agents of change within the home environment (11, 30) . Parents are responsible for implementing interventions in the home to support their children's food-choice decisions. Research suggests that parents who are solely responsible for program attendance and for initiating and maintaining dietary changes at home improve child outcomes (30, 31) . The dietary advice for this intervention was delivered at the level of the family. The advice was parent led and family focused.
Intervention group (dairy)
Parents received individualized nutrition education from a research dietitian about the importance of dairy foods for children and the need to change their children from regular-to reduced-or low-fat dairy foods. They received information about the significance of the recommended dietary changes, creating a supportive home environment to support the change to reduced-or low-fat dairy foods, overcoming barriers, and resistance from their family to make the change to reduced-or low-fat dairy products. Parents were guided through a standard written intervention booklet by the research dietitian. A definition of reduced fat and low fat was provided in the booklet. For milk and yoghurt, reduced fat was defined as 1-2 g total fat/100 g milk and yoghurt, and low fat was defined as ,1 g total fat/ per 100 g milk and yoghurt. For cheese, the definitions were ,25 and 10 g fat, respectively. This booklet was developed for the study and addressed the following areas: the importance of dairy foods for children's growth and development, dairy foods as a contributor to total fat and saturated fat intakes, current recommendations for the consumption of reduced-fat dairy foods for children, and health benefits of including reduced-fat dairy products as part of a healthy diet. The booklet also included an extensive pictorial shopping guide of appropriate reduced-and low-fat dairy products available in supermarkets.
Comparison group (screen time)
To ensure study contact and process was similar between the intervention and comparison groups, parents in the comparison group also received individualized advice over 3 sessions, which was delivered by a research dietitian, about reducing children's screen time. Parents were encouraged to replace screen-based activities with other sedentary activities, such as drawing, reading, and board games, to try to avoid a subsequent increase in physical activity. Parents received no specific dietary or dairyspecific nutrition education and were encouraged to continue with their usual dietary patterns. Parents were also provided with a written intervention booklet that covered similar topics as for the dairy group, but the content was specific to the target behavior of screen time.
As a recruitment and retention strategy, parents from both groups received supermarket vouchers for their participation in the study [150 Australian dollars (A$150)], and children received a shopping voucher (A$100) at the end of the intervention.
Intervention integrity and participant compliance
In addition to the use of pentadecanoic acid as an objective measure of intervention compliance, the intervention integrity in delivery was ensured by using multiple methods. All parents received the same level of contact with a research dietitian. The attendance at each intervention session was recorded. Parents were strongly encouraged to attend all 3 intervention sessions, and shopping vouchers were provided to parents at the end of each session. The range of topics covered by both groups was similar but with different target behaviors. Consistency in the delivery of the intervention was ensured by the dietitian by using a topic checklist. Parent compliance was monitored by the research dietitian by using shopping dockets and product recalls.
Sample size and randomization
The expected 5% change was based on the modeling of the difference in saturated fat content of 3 servings of regular-fat dairy foods (milk, cheese, and ice cream) compared with 3 servings of reduced-fat varieties of equivalent dairy foods. To account for the clustered study design (ie, children clustered within families because more than one child per family was eligible to participate in the study), the study sample size was calculated on the basis of the following assumptions: '40% of study families having 2 children enrolled in the study and an intracluster correlation coefficient that reflected a within-family correlation of energy intake of 0.37 (32, 33) . Therefore, we aimed to recruit 174 participants (87 participants per group), which was expected to detect a 5% change in the proportion of kilojoules as saturated fat from dairy foods (with the assumption of a change in the intervention group only) with P = 0.05 and an 80% power (34) and to allow for a 20% dropout (31) . The estimated sample size was also powered to detect a withinintervention group difference in LDL cholesterol concentrations of 0.26 at 80% power (an expected change in magnitude of 0.23-0.70) (35) . Randomization was at the family level and occurred after baseline assessments were completed. Families were randomly assigned to 1 of 2 groups via a computer program (http://www. randomization.com), matched for child age. Randomization and group allocation were undertaken by staff who were not involved in conducting the study assessments or intervention delivery. The randomization code was only known by scheduling staff and the research dietitian who delivered the intervention.
Statistical analysis
Analyses were performed with the Statistical Package for the Social Sciences (18.0; SPSS). Data were examined for normality by using appropriate descriptive statistics (histograms, means, and cross-tabulations). All data were considered normally distributed. Baseline child, parent, and family characteristics were described by intervention group by using means 6 SDs for continuous variables and frequencies and percentages for categorical data. All analyses were undertaken according to the original allocation to study groups and regardless of the intervention exposure (ie, session attendance) (36) . Unadjusted univariate analyses (paired samples t test) are presented for descriptive changes within groups.
Children nested or clustered within families are more likely to be similar to one another than to children between families. Clustering violates the assumption of independence, and therefore, multilevel analyses techniques were used to adjust for this design effect and potential confounding of covariates (32) . Childand family-level covariates were chosen a priori on the basis of known relations with dietary outcomes (eg, child sex and age) and consideration of baseline differences by study group. Adjusted analyses included child age, sex, and baseline BMI z score; family income, highest level of education and BMI of parents, and baseline energy intake (when relevant) and baseline intake of dependent variables of children. For blood lipid analyses, child ethnicity was also included as a covariate (37) .
The data structure consisted of 2 levels of family (cluster) and child (individual). We compared differences between the intervention and comparison groups at weeks 12 and 24 by using maximum-likelihoodmixedmodelsthatwereadjustedforclustering of children within families, baseline measurements, and covariates. The final model included the intervention group as a fixed effect and reflected the mean between group differences for the outcome variable of interest with the intervention (dairy) group as the reference group and adjusted for all other variables in the model. This final model provided an estimate of intervention effect over and above the influence of other cluster, child, and family characteristics. Statistics were reported as estimates (effect sizes), CIs, and P values.
RESULTS
Characteristics of children and families
The recruitment and flow of families through the study are detailed in Figure 1 . A total of 145 children from 93 families were allocated to the intervention group (76 children from 48 families) or comparison group (69 children from 45 families). The study retention was 97% (141 of 145 children) at week 12 and 96.5% (140 of 145 children) at week 24. There were no dropouts to week 24 in the intervention group, and 64 children (92.7%) from the comparison group completed week 24. Three children from the comparison group had incomplete dietary records at week 24; therefore, 61 children (88.4%) were included in the dietary-outcome analysis. Eighty-nine percent of children (129 of 145 children) provided fasting blood samples at baseline. Sufficient blood was collected for analysis in 119 of 145 children (82%) at baseline, 115 of 141 children (82%) at week 12, and 118 of 137 children (86%) at week 24.
Parent and child characteristics are presented in Table 1 . Children were aged between 4 and 13 y (8.60 6 2.96 y), 60% of children were boys, and 68.3% of children were categorized with a normal weight status. Most families had one child who participated in the study (55.9%), and one-third of the sample had 2 children who participated in the study (33.3%) (mean number of children per family = 1.56). Parents who attended the initial assessment tended to be women (87.1% of parents) and were living as married (72.0% of parents), and over one-half (57.0%) of parents had a tertiary or university qualification. Fifty percent of parents were overweight or obese.
By chance, there were some baseline differences between intervention and comparison groups. The intervention group had more girls and more children in the youngest age group than in the comparison group. Possibly secondary to differences, at baseline, children in the intervention group, compared with children in the comparison group, had lower fat (69.9 compared with 80.6 g, respectively) and saturated fat (32.0 compared with 36.4 g, respectively) intakes, a lower percentage of energy from fat (32.6% compared with 34.8%, respectively,) and a higher percentage of energy from carbohydrates (48.2% compared with 46.6%, respectively). However, energy and other nutrient intakes were similar between groups ( Table 2 ). The mean BMI z score of the intervention group (0.24 6 1.12) was similar to that of the comparison group (0.18 6 1.25).
Primary outcome: effect on total and saturated fat intakes
Unadjusted fat intakes at weeks 12 and 24 are presented in Table  2 . As a percentage of total kilojoules, total fat (32.6 6 4.60% to 29.4 6 6.07% at week 12 and 29.1 6 6.31% at week 24) and saturated fat (16.4 6 2.89% to 13.2 6 3.00% at week 12 and 13.3 6 3.41% at week 24) intakes decreased in the intervention group from baseline to weeks 12 and 24 compared with no changes in the comparison group. After adjustment, as a percentage of total kilojoules, the intervention group's intake of total fat was 3.4 percentage points lower than the intake in comparison group (95% CI: 25.5, 21.2 percentage points; P = 0.003), and the intervention group's intake of saturated fat was 2.8 percentage points lower than the intake in the comparison group at week 12 (95% CI: 24.1, 21.4 percentage points; P , 0.0001) ( Table 3) . The difference between groups remained significant at week 24 (total fat: 24.8 percentage points; saturated fat: 23.3 percentage points). Similar results were observed by using absolute grams of fat (only significant at week 24) and saturated fat intake (Table 3) . Total fat and saturated fat intakes from dairy foods were also significantly lower in the intervention than in the comparison group at weeks 12 and 24 (Table 3) .
Intervention compliance: effect on pentadecanoic acid (dairy-fat biomarker)
Unadjusted results showed a reduction in pentadecanoic acid concentrations as a proportion of total fatty acids in the intervention group but not in the comparison group, which supported the dietary changes observed ( Table 4) . After adjustment for cluster, baseline differences, and covariates, pentadecanoic acid concentrations were 0.02% lower (95% CI: 20.05%, 0.00%; P = 0.039) in the intervention group than in the comparison group at week 12 ( Table 5 ). The magnitude of the difference remained similar at week 24 (20.02% lower; 95% CI: 20.04%, 0.01%; P = 0.12); however, the difference was not significant (Table 5) .
Intervention compliance: effect on dairy food choices
After adjustment for cluster, baseline differences, and covariates, there was no difference between groups in grams of total dairy food consumed (ie. grams of milk, yoghurt, cheese, flavored milk, cream cheese, cream, ice cream, frozen yoghurt, condensed milk, and dairy desserts) at weeks 12 or 24 (Table 3) . However, as a proportion of total dairy food intake, changes in the type of dairy food consumed with respect to fat content were observed ( Table 6 ). Regular-fat dairy foods decreased from 88% to 14% of total dairy food intake at week 12, which coincided with an (27) . 5 Mean 6 SD (all such values). 6 Baseline differences were analyzed by using independent samples t tests; P values are presented. 7 Calculated by using the least mean squares method with British reference data (28) . increase in both reduced-fat (52%) and low-fat (33%) products. These dairy food choices were maintained through to follow-up (Table 6 ). There was little change in the fat content of dairy foods consumed by the comparison group.
Intervention effect: other nutrients, blood lipids, and anthropometric measures
Unadjusted energy and nutrient intakes at weeks 12 and 24 are presented in Table 2 , and the multilevel analysis results are presented in Table 3 . There were no significant differences between groups in energy intake at week 12 (271 kJ; 95% CI: 2609, 466 kJ; P = 0.792) or week 24 (219 5 kJ; 95% CI: 2772, 383 kJ; P = 0.504), although the CIs were wide. Consistent with a reduction in percentage energy from fat, the intervention group derived a significantly greater percentage of energy from carbohydrates at week 24 (4.1%; 95% CI: 1.9%, 6.2%; P , 0.0001). However, as shown in Table 3 , these differences were reflective of a reduction in grams of fat rather than an increase in intakes of grams of protein, carbohydrates, or sugar in the intervention group. For other nutrients for which dairy is a key source (unadjusted data are presented in Table 2 ; adjusted data are presented in Table 3 ), the intervention group had higher intakes of calcium and magnesium at week 24 than did the comparison group. Retinol intake was lower in the intervention group than in the comparison group at weeks 12 and 24. However, total vitamin A intakes (retinol equivalents) were similar between groups at weeks 12 and 24 (Table 3) .
Unadjusted changes in blood lipids are presented in Table 4 . In the multilevel analysis (Table 5) , after adjustment, total cholesterol, HDL cholesterol, and triglyceride concentrations did not differ by study group at week 12 or 24. In addition, LDL cholesterol concentrations were not significantly different by study group at week 12. However, LDL cholesterol concentrations were 0.15 mmol/L lower in the intervention than in the comparison group at week 24 (95% CI: 20.3, 20.01 mmol/L; P = 0.037).
Unadjusted adiposity measures at baseline and weeks 12 and 24 are presented in Table 4 . Growth means that in children, height and weight-therefore, BMI and waist circumference-will increase with age. Therefore, any reductions in BMI or BMI z scores over time reflect a change (reduction) in relative adiposity. After adjustment, there were no significant differences at week 24 for BMI (20.15; 95% CI: 20.76, 0.46; P = 0.628), BMI z score (20.07; 95% CI: 20.27, 0.14; P = 0.515), or waist circumference (0.3 cm; 95% CI: 21.2, 1.8 cm; P = 0.688) between intervention and comparison groups (Table 5) . 1 All values are means 6 SDs. EI:BMR, ratio of energy intake to basal metabolic rate. Baseline differences between groups were analyzed by using independent-samples t tests.
2 BMR was calculated by using the Schofield equation for age and sex (39). 3, 4 Significantly different from the intervention group at baseline: 3 P , 0.01, 4 P , 0.05.
TABLE 3
Mean differences in energy and nutrient intakes from dairy foods at weeks 12 and 24 between intervention (dairy) and comparison (screen time) groups adjusted for clustering of children within families, differences by study group at baseline, and family and child covariates 
DISCUSSION
This cluster randomized controlled trial examined the effect of one dietary change (ie, replacing regular-fat with reduced-or low-fat dairy foods) as a means of reducing children's saturated fat intakes. At baseline, children derived '17% of energy from saturated fat compared with recommendations to limit saturated fat to 10% of energy (2, 3) . A 2.8-percentage point reduction in kilojoules from saturated fat was achieved postintervention and was maintained without further support (3.3-percentage point reduction at 24 wk). The adoption of reduced-or low-fat dairy foods was an achievable goal for families.
Clinically relevant reductions were also observed in LDL cholesterol and pentadecanoic acid concentrations. Although the between-group differences were small (20.03 6 0.05% for pentadecanoic acid concentrations at week 12 and 20.15 6 0.07 mmol/L for LDL concentrations at week 24), these values were consistent with the changes expected in replacing 3 servings of regular-fat dairy foods with reduced-fat equivalents (35) . In addition, when expressed as standardized effect sizes (39) , the values represented medium effect sizes (0.6 for pentadecanoic acid and 0.52 for LDL concentrations). As biomarkers of saturated fat and fat from dairy foods, they supported reported changes in dietary intake. Changes in plasma lipid fractions are reflective of a short-term intake (ie, a period of days to weeks). The measurement of changes in plasma lipid fractions at the end of the intervention may not have allowed for sufficient time to reflect the intervention effect on plasma lipids (20) . This may explain the difference in results observed at week 12 than at week 24.
There was no reduction in the overall consumption of dairy foods in the intervention group. Dairy intakes at baseline (436-457 g dairy) were comparable with data from the 2007 Australian National Survey (351-369 g dairy) for children of a similar age (1) . Regular-fat dairy foods were replaced with reduced-and lowfat varieties, which comprised 52% and 33%, respectively, of total dairy consumption at week 12. Families can have flexibility in the reduced-fat dairy products they use, in line with taste preferences and prices, and still achieve meaningful intake reductions of saturated fat.
The change in dairy fat consumption had a limited effect on the overall nutrient intake. Although changes were observed in the percentage of energy as protein at week 12 and as carbohydrates at week 24, the change in macronutrient profile largely reflected a reduction in fat intakes. Calcium (+162 g Ca) and magnesium (+30 mg Mg) intakes were higher than the comparison group at week 24. The retinol intake was lower in the intervention group at week 24 (166 lg retinol). However, overall vitamin A intakes (ie, retinol equivalents as a measure of retinol and retinol precursors) remained similar between groups and exceeded Australian Estimated Average Requirements [ie, 742 lg vitamin A compared with 275-445 lg vitamin A, depending on the child's age (40) ].
Although reduced-fat dairy foods are lower in energy density than are regular-fat varieties, energy intakes were not significantly different between groups. However, group differences at week 24 (2195 kJ) suggested energy intakes were lower in the intervention group, and wide confidence levels were noted. A compensation for dairy foods with lower energy densities with other changes in food 1 Maximum-likelihood mixed models in which a negative and larger mean difference (estimate) indicated that the intervention group had a lower value than that of the comparison group. Family and child covariates were adjusted for child age, sex, and baseline BMI z score, family income, highest level of education of parents, parent BMI, child baseline energy intake, baseline intake of dependent variable, and child ethnicity (blood lipid analyses only).
TABLE 6
Types of dairy foods consumed as a proportion of total dairy food intake at baseline and weeks 12 and 24 by study group intakes is possible. The degree of compensation, and whether there was variability in children's appetite responses to a lower energydense food is unclear. Because the CIs indicated the possibility that energy intakes may have decreased by 10%, the effect of reduced-fat dairy on reducing the energy intake in some individuals cannot be ruled out.
To date, dietary interventions that aimed to reduce children's saturated fat intakes have focused on children with known hypercholesterolemia (8, 41) and infants (42) . In addition, these studies have targeted reduced-fat dairy foods in conjunction with advice to increase foods rich in polyunsaturated fat (42) , choose reduced-fat meat, fish, and poultry (43) , or change dairy foods as part of general healthy eating (7) . Previous interventions have tended to be long (eg, 48 mo to 13 y of advice) and intensive (eg, 21-23 face-to-face or group education session with a dietitian) (9, 43) . To our knowledge, the current study was unique because advice on a single dietary change was given in 3 sessions with a dietitian over 12 wk to parents of children from the general population.
Findings from this study of Australian children were consistent with the few comparable studies from North America and Finland (42, 43 ). An intensive 12-mo intervention in .600 hypercholesterolaemic children achieved a 2.5 percentage point difference in the saturated fat intake (95% CI: 22.9, 22.1 percentage points; P , 0.001) and a 0.13-mmol/L reduction in LDL cholesterol concentrations compared with those with usual care (8) . Similarly, in a study of 540 infants whose parents received advice on fat amount and quality, a 3-percentage point difference in saturated fat at 12 mo was shown. At age 5 y, LDL cholesterol concentrations were 0.25 mmol/L lower in the intervention group than in the control group for boys (P , 0.05) (9, 44) . Although limited to a 6-mo follow-up, the current study added to this body of literature by evaluating a single dietary manipulation by using an intervention that was much lower in intensity relative to previous studies. Ninety minutes of advice and pictorial information on suitable brands of reduced-fat dairy foods achieved reductions in saturated fat intakes and blood lipid concentrations of a similar magnitude to previous studies. The lowering of children's saturated fat intakes by promoting the consumption of reduced-fat dairy foods is achievable, with a limited or neutral effect on overall diet and health outcomes (8, 42, 45) .
Findings should be interpreted within the context of study strengths and weaknesses. Study participants were not drawn from a random sample, and although a large age group of children were included in the study (4-13 y), results may only be generalizable to children of parents who have an interest in changing some aspect of lifestyle. Despite random allocation to groups, there were baseline differences in fat intakes. However, multivariable analyses enabled adjustment for these baseline differences, confounders, and the clustered design. In addition, the use of an active comparison group in which families received similar attention minimized risk that study results were simply because of involvement in the research study. Although the focus was on sedentary behavior, targeting screen time still had the potential to change dietary behaviors. In this case, as indicated by the lack of a change in unadjusted intakes, it appeared that dietary intakes were not affected in the comparison group. As is common in dietary intervention studies, families were not blinded to the intervention in the current study. However, the inclusion of 3 d of dietary intakes assessed by using the most accurate methodology for the outcomes of interest (14, 15) administered by trained and blinded dietitians was a strength of this study. The pentadecanoic acid concentrations was also included as a specific biomarker because it has been shown to have a moderate correlation with dairy fat intake (on the basis of 24-h recalls; r = 0.45; P , 0.001) (22) .
A lower habitual saturated fat intake may result in changes in the macronutrient intake to maintain an energy balance. What macronutrient replaces saturated fat is important for cardiovascular health (46) . A recent meta-analysis has also queried saturated fat as an independent risk factor for cardiovascular disease and suggested that further research is needed to explore whether cardiovascular disease risks are influenced by the specific nutrients that replace saturated fat (47) . In the current study, a reduction in intakes of saturated fat was achieved without a change in the absolute intakes of protein, carbohydrates, or sugar (in grams).
In conclusion, a behavioral intervention in which parents were advised to replace regular-fat dairy foods with reduced-or low-fat alternatives was effective in reducing children's saturated fat intake but did not alter energy intakes or measures of adiposity.
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